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i Phase 11 of the "Aircraft Noise Definition" program consisted of a DC-8-61 flight tesL
program with an objective to improve the statistical accuracy of the noise data
reported in Phase I of the program and to broaden the data base to include measure-
ments at long distances and at a thrust required for a qteep approach. Noise measure-
ments were made (luring flyovers tip to &,, altitude of 8000 feet, at sideline i.stances
"tip to 8000 feet and at target thrusts of 15,000, 10,000, 5000, 3200, and 20UG pounds.
This document reports the data acquisitions, the analysis procedure, and the results
in terms or variations in reference-day EPNL and A-weighted sound level with slant
range; overhead to sideline noire level relationship; and data showing lateral noise
attentiations. Data accuracy is described in terms of assignable confidence limits.
A tomparison was miade between reference-day noise levels determined for surface
weather conditions and by a method that accoalnts for upper-air variations in tile
sound-path weather. A method that adjusu for lateral noise attenuation in computing,
EPNL's for sideline lorations was suggested.
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SECFtION I

INTRtODUJCTION.................

I he arwnwkh ýa tomnamsurtal jt transport ciperatidne has bnmtght an luereaspe

en arrrift nise.ge~a enos -hto i.onisidered-ae an cnvironznentail problern- -

In the. waw-emnilng atwiptP comimiunities. In response to -rederal t'gI'41ation

404tu~wthwW0 000e .ftir -Atyv I act of wir ar~ft ntoise, the Fodeara. AViatioh-

Admnijigtatiaon (F~AA) Is r~dt tin com~prehensive -'iisof the~ definitio-e

'if irrift m lma i uppart ~f Ib it* udy objectivesm. tlis Daustlae Aircraft

f -nip-Any. Urlhmnn*I1 Douaglas vorporatiun. in engailt-4. in an FAA-spoiiar-ord

Airc raft N~ois IDrfiniton )Prattrima. The program requires that Douglas
PrA*Vie. graphIc and. coivipute r i.td ocouttfic and pr rfarrylance. data on %-electedI
Alruvaft thait are in cuerrent fleet optmat ions. The pragram objectives~ are to

44-. delfvloped in three! phmsE'- Phase 1, Analyst.- of Exisiting Data:~ Phan e 11.

Mittimans D)ata Arquisition Program-, and ihavise Ml. Fpaaidod Data~ Acquitii-

momii Tet Proavam Mlan. "his report is~ a -doicumentation of the re-4ultn 1'i.

ilyover-noine toditngi of a Douglasi Dr- -F-61 airc.raft for the Phase 11 Portion

.4( the preltrame.

'I hr Freptift of tht 11haso I analyst,% of exltr-tng Dau~Iam DC-8, MC-4. Pntri

04t 10 Airt-raft flyover- nnist' data wurr.- reported in~ Reference 1, Chortain

':-' hniqu~t-4 used in the %nalysis of Ow~ Fhaso_ 1. data were developed for

i'haise 1. repmrse.d In Rebfereunce 1. .imi are therefore, in mosit instanice.,

ri-firrnced rather tlhar. rep-aled.~

! etc r thase'. 11, flyvt-%5o -noise t'1ve~j, rf r ipe't ifieei odia'e:s i-t r itt

pr- r~ebmance and altitudc fon, the DC s' ~- t wvre mneasured and1 analvze(A ror

1 IailfliWumf data auquitttior prtc-g raW'T  i an nhjiw-Live trt imp.-Ove, the

lqting. data 1t, - (e and in r't i le el i.,. .'ia 'on- i- I~e q ou

dw-feicint in the Pkhase I st~idi A 'ýj . gt e. is the v..triat.i -)Vci- vois ioe

v.eh elimtane to the sideline fror,- thv air. r~tt flight p. ýth.

Pr.,etente in this report are detailed des'criptions of ¶!%e!tu-t cnlY~iiitdi5* the

'I vnver-noixe rtwititiremrent systern. an-I the data processing~ and anaiy.s:iý;,

I I.'- res.~ils of thi' data analymiq are~ summiar.x--d. thte dat L ;1k uurJ'-'ýY is

du.--wasimd. and tbe 90 -perct-nt livits co confidt. e'e tIme rrinets. !ni .ddition.



revisions of the computer program listings for acoustic-data computations,

developed and reported in Phase I, are included in the appendixes to this

report.

The effects of considering the variations in upper-air temperature and
relative humidity on the propagL ,,on of tbe flyover-noise were studied with

comparisons made between noise spectra adjusted on the basis of surface

weather and a layered weather technique.

A suggested method to be used in the determination of sideline noise levels

is also presented.
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SE;(:TION L

TEST DESCRIPTION

P lyfiver-naime tests were Cndiucted with a Douglas DC-8-61 aircraft at Yurma

lnthernation• l Airprt, Arizora. The tests consisted of level flights. azid

sinUlited take-off and approach flyovers as !iste'r in ['able I, witi flight

profiles as shown in 1igure I. Microphones, spate p iPicvin,", ret.or,,-

logical, and associated data re,'ordlAn, s]ystemns were icaterl as sbo-w. ini

* i.igurv' 2.

"The tests were conducted during the evening and early nmorning hours of

November 0 - 8, 1973. The time of day fur each test run is given in

"Iable 1.

"[his section dt'scrilb.s tht ti.st airt raf:, sitt., ,,nd ,lc.i- qui~sitit !i o,,liplTent

Isrd dluring the tests.

I.. I AIRCRAFT CONFIGUItATION

"Ihli test aircraft was a Douglas Y S( 8. ,',! arc'('.ift. I ti.eiage No. 373, VA i

lRgistration No. N808711, a ron c,:rcial Iransport p,.wcret! by four Prdtt

,rid Whitney ,T3D-3B turbaftn engines,, equippe(. v, h o roduction nacelles.

"The aircraft was leased fronm Uiited Air .iner. for th," pcriodl -f these

flyover I4-sts. Figure 3 is a three 'view of the PC -t, -ri aircraft, s;iowing the

i ross dimensions, Iccation ,,f the engine-, tt. i1 S giii,:es•ope antenna, .iiid

IOh, lase tracking targets uv-ed for aircratf, -pact: position1 det1 ,rlination

dubring the flyovers.

l ,. .air, raft system s COnf.`,•,.a r io " :.'.'It . tt's N¢ .' pflAeu,,a. , ,11a- il.

hyd ratili" systems NORMAI., a-ixiliairy power unit OFF', i--inaning lights ON

antl the, landling gear tvxtendct lfur aii r mns, [ht a 'i r o-'.1".. weight ;mrd

flap andl landing gear position tor .ach run are liste I in I'ab:e C-I of

P ppndix 'C.

3



TAKLE 1
MACRAFT NOS DIFMTION - pHm 1i
D-141 FLOV1MA4M06 MAMMIiINTS

TANCT HamhmT FLNT
DATE TTPH Of OmR PROOLEJ

Him TIM FN/ FLYOVIE NWQON it •a WB. 11

1-1-73 i1s1m FULL POWER TAKEOFF 1160 11
- - -1 Im FULL WR TAKEOFF 1200 E2

3 AVOR T LE A L --

NO LE"TL SoE F t
__ TRACKING

- 0242 0Is0 LEVEL .so00 F
a 0253 1sm0 LEVEL "m00 F3
70303 10000 LEVEL a0m0 F4
a 0315 10000 LEVEL rsmn 13

1 9 0327 10000 LEVeL 8800 H4
to 0240 10000 I -LEVEL _ Il

11-7-73 ism0 FULL POWER TAKEOFF 1120 1E
- -123J38

12 2348 10000 REDUCED THRUST TO goo GI
13 238 la0m0 REDUCED THRUST TO g0o G2
14 ABORT - REDUCED THRUST TO -

15 11--3 10000 REDUCED THRUST TO 900 G30917 .. .j
16 0am 2000 REOUCED THRUST APR 1320 Hm
17 0043 2000 REDUCED THRUST A 1400 H?
1, 00o0 2000 REDUCED THRUST AlR 1320 H3
19 . 0100 50,Ai APPROACHi 100 El
20 0110 5000 APPROACHi 1100 K2
21 0116 5000 APPROAC•I 1l00 K3
22 0126 15000 UL.L POWER TAKEOFF aw
23 01O30 15000 FULLPO R TAKEOFF 600 12
24 0148 15000 FULL POWER TAKEOFF 2m 13
25 OlI 15000 FULL POWER TAKEOFF 2150 14
26 0210 5"00 LEVEL 2400 Ji

0220 5000 LEVEL 2473 J2
28 0234 1500 LEVEL 53&0 Ft
S024 10ooo LEVEL 0m F6
3 0.o 10000 LEVEL smo

310306 10000 LIkVEL qw0f Fe
j2 031"7 10000 LE VIEL amO F9

j30330 5000 LEVEL 5020

34 0340 5000 LEVEL 5008 J4
! 0412 3200 LEVEL :30 1l

L 0420 3200 LEVEL 30 M2
N(j II:

TAKI '4 FS - STARTED F ROM It f VEL FLIGHT. SIMULATEO AFTER ARRIVAL AT A SELECTED PO1N1T OVER RUNWAY
FULL POWER TAKEOFF (RUV 1. 2, S. 6, It AND 22-25) - RATED TAKEOFF ENGINE PRES.UIfE RATIO
MAINTAINED

o FOJUCEI' THRUST rAKEOFF (RUNS 12, 13 AND :.j) -- POWER ADJUSTED FOR SPECIFIED RE FOR SPEEo WITH
cLIMBOUT AT PRESCRIBED AIRS'EEO

-ACH •" .R - MAINtAINED UNTIL ENO OF RUN ARRIVAL AT SELECTED) POINT OVER RUNWAV. CONTINUED
LCVEL UNTIL CLEAR CF AREA

u APPROAC:H IRUN% IS, 20 AND 21) ROTOR SPEED IMAINTAINED TO MINIMIZE PAN NOISE VARIATIONS
ILEDUX.J TI1RUP, AP'PROACH (RUNe,. I. AND 1I1 - THRUST ASSOCIA1 ED WITH HIGHER ANGLE
%.LIDbESLOPF

4
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FIGURE I. THREE VIEW OF DC-S"t
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2. 2 TEST SITE DESCRIPTION

The flyover-noise tests were conducted at the Yuma International Airport,

Yun-a, Arizona. The general topography of the test site and the location of

the instrumentation systems are shown in Figure 4.

The natural surfaces are sandy soil having various degrees of compaction.

with loose compaction predominating. The in situ surfaces adjacent to all

test microphones were spaded in a random pattern to assure consistent

surface conditions for all microphones, and iJso eliminate the possibility of

excessive surface absorption at any of the measurement locations.

There were no obstructions., for ex•anple, trees. buildings, hills, or cliff*

at any measurement point which were in violation of the 75-degree hatf-anRle'

requirements. The terrain was not perfectly flat at all measurement point.':

hnwever. it was acceptable for the purposes of acoustical measurements.

Climatological data for su:face weather conditions at Yurma were compiled

by National Weather Corporation for the month of November over a 14-year

period. The data sources were (1) U.S. Air Force Revised Uniform

Summary of Surface Weather Conditions (1950-1960) and (2) Environmental

Science Service Administration climatological data for Yumna. Arizona

(IQ00- 1972). A summary ,t the frequency of occurrence of the surface

w,:ather cvnditiona (of wind, tei•nprature, and relative humidity that are

within FAR Part 36 limits as a function of calendar month is given in

Figuire B- I of Appendix B.

A summarv of tenperatur-t.nversion characteristics as a function of

calendar month i given ir, Figure B•-2 of Appendix B.
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Measured surface temperatures, relative humidities, wind speeds, and wind

directions for the periods of the test aircraft flyovers are summarised in

Table B-1 and Figur- B-3 of Appendix B. Plots of the continuous recordings

o( the associated upper-air sound-path weather data are given in Figure B.4

of Appendix 3.

All sorface-weather measured data were within the FAR Part 36 limits of

41 to 860 Fahrenheit temperature; 30- to 90-percent relative humidity; and

0- to 10-knot wind speed.

2. FLYOVER-NOISE MEASUREMENT SYSTEM

The Douglas Aircraft Company has designed and developed a variety of

special equipment and data instrumentation systems to meet requirements
of the various acoustical tests conducted. Over the past 4 years Douglas
has designed, developed, implemented (in an incremental fashion), and

operated, at high utilization rates, a comprehensive state-of-the-art

aircraft-noise measurement system described below. The subsysterms used

to acquire the required data during aircraft flyover noise testing a:e grouped

into four categories: that is, those for acoustical, meteorological, space-

positioning, and airplane operating pararreters. These subsystems are

shown in Figure 5.

2. 3. 1 Acoustical Parameters

The flyover-noise data acquisition system is shown in Figures 2, S. and 6.

The control portion of the system is housed in the mobile sound-recording

van shown in Figure 5.

Eight of the nine microphones were tripod-mounted with the microphone

cartridges 4 feet above the ground and oriented such that the flyover noise

impingement on the microphone diaphragm was at approximately grazing

incidence throughout the noise recording. The ninth microphone was flush-

mo.*:nted (Figure 7). All microphones (except the flush-mounted) were fitted

with windscreens for all tests. High-frequency preemphasis was utilized

during recording of approach and takeoff noise tests. For each noise

recording, the gain settings on the signal-conditioning amplifiers were set

10
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FIGURE 7. MICROPHONE INSTALLATIONS

to obtain optimum signal-to-noise ratios for optimum dynamic recording

range on the magnetic tape. The flyover-noise data were recorded on a

14-channel inte rmediate.-band FM recorder operating at 30 inches per

sect-id. In addition, the time of day (IRIG-.'o code) synchronized to the

standard time broadcast by radio station WWV (National Bureau of Standards)

was recorded on a separate tape channel. along with each flyover-noise

recording. A dynamic system calibration with a reference sound pressure

level was recorded in the field with a piston-phone that generatea a sound

pressure level af 124. 0 + 0. 2 dB at 250 fiz. Frequency -response calibration

signals of the recording system (excluding mnicrnphi-ne cartridge) were

recorded. The signals consisted of a 90-second recording of broadband

"Pink" noise generated by a precision pseudo-raidom noise generator with

a noise period of 2. 2 seconds.

Immediately before or after each flyover-noise measurement, a recording

was made of the ambient noise levels, with the same system gain setting as

was used for the flyover recording.

2. 3. 1. 1 Psuedotone Correcticin - Flyover noise was measured with a

flush-mounted microphone located at ground level in close proximity to one

of the tripod-mounted noise measurements locations (Figure 7). The primary

13



objective of rnea!:ring firover noise with this microphone was to establish

the presence or absence of low-frequency pseudotonas in measured flyover-

noise spectra due to ground-reflection phenomena. A discussion of pseudo-

tones and their significonce is contained in Appendix D.

2.3.2 Aircraft Operation Parameters

The definition of flyover-noise levelr for sqecific aircraft operation

parameter, required the monitoring and recording of (.) airplane flight

conditions, (2) propulsion-system operation, and (3) airplane systems con-

figuration. The parameters considered necessary to be recorded for the

flight-test program are as listed in Table C-1 of Appendix C.

The flight-test aircraft was equipped with an Airborne Digtla Data System

(ADDS) (Figure 8). cameras focused on the pilot instrument panel and flight

engineer panel (cockpit cameras) and other visual cockpit indicators

(flight-card recording) 'Figure 9). The ADDS uses both analog and digital

transducers and includes signal conditioning, analog-to-digital conversion,

and multiplexing to record all data on one tape track of a direct wide-band

1-inch recorder. Elapsed time was obtained by recording output signals of

a time code generator on the data tape using the IRIG-B code.

Calibrated instruments were used to obtain the aircraft-system data listed in

Table C- I.

2. 3. 3 Meteorological Parameters

Meteorological data, particularly temperature and relative hum!.dity, are

required to determine the attenuation of flyover noise due to atmospheric

absorption and to correct the measured SPL's to standard or reference-day

weather conditions.

2. 3. 3. 1 Surface Weather Conditions - Flyover-noise meteorological

equipment includes a 10-meter Mobile Atmospheric Recording Tower (MART)

system with temperature, relative-humidity, and wind-velocity recorders.

and is trailer-moonted and towed by the acoustics van (see Figure 5). Sur-

face weather-sensing and -recording equipment includes two small portable

14
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weather stations typically located at solected microphone locations for

continuously recording the same parameters as above, but near microphone

level (5 feet). and two sets of hand-held motor-driven precision psychrom-

eters and wind-speed indicators.

The MART surface measuring system consists of a Beckman-Whitney

Model No. 101 wind system producing a strip-chart record of wind speed

and wind direction on time-calibrated paper and a Weather-Measure

Model 14341 temperature and relative -humidity measuring system, which

also produces a time-calibrated strip-chart record.

2.3. 3.2 Upper Air Sounding - Upper air sounding data were in general taken

before, during, and after the flyover-noise tests to define the vertical

gradients of temperature, humidity, and wind. The parameters measured

were ambient air temperature, wind speed and direction and difference

between wet- and dry-bulb temperatures. Data were recorded to the height

of the test aircraft for a given series of flyovers (up to about 8000 ieet).

The minimum accuracies of these measurements were +0. 5°F for air

temperature and the difference between dry-bulb and wet-bulb temperature,

+3 •nots for wind speed, and +10 degrees for wind direction. The soundir.;

data summarized in Appendix B were obtained by the National Weather

Corporation. The Figure B-4 plots represent data that was continuously

recorded from ground level to the maximum altitude.

2.3.4 Space- Positioning Parameters

Accurate space-positioning data must be available during noise-data

processing to define propagation distances for sound-path normalization.

The sound-path distance must be precisely synchronized in time with the

noise data. A Mobile Automatic Laser Tracking system (MALT) uses an

autotrack mronopulse optical-radar, with a. multipower laser as the ranging

beam energy source. MALT, which is self-contained in a small truck

(Figure 5) uses a portable power source and can acquire, track, and record

the position of a retroreflector-equipped airplane. .- acking range is up to

60, 000 feet, with elevation and azimuth coverage of -5 to +45 degrees, and

+120 degrees, respectively. If line of sight permits, microphone locations

can also be deternined from the MALT van, thereby eliminating the need

16



for normnal surveying. All space-positioning data (and time codes) are
, rr.orded on m~agnetic tape in a digital format for subsequent computer

prot essing.

"Iarw,.l alqui'iition is initially obtained manually by using a television

sonitor. Subsequent automatic tracking provides aximuth, elevation, and

range data for magnetic-tape recording. The target aircraft retroreflector

(Figure S) reflects a 1060-Angstrom laser beam back to the receiver. The

transmitter is a flash-pumped. Q-spoiled Nd:YAG laser that develops I-MW

peak power at a rate of 100 pps. The power of the system is automatically

controlled as a function of range to keep the radiated power below the eyesafe

level. Position accuracies achieved are +1. 0 foot for aircraft at a range of

2000 feet and +12. 0 feet at a range of 30, 000 feet from the MALT system.

Data proc-ssing is accomplished on either the IBM 360 or Sigma 7 computers

by using the original recorded tape as the input data tape. Space position

data relative to the runway, or relative to any other desired coordinate

systern, are provided in selectable tabular or plotted formats. Velocity an,1

a(ccelration data are derived from position data by standard vector

fe( hniques. Orientation and calibration of the MALT system are achieved

by tracking surveyed static targets before and after each test. The proc-

essed data provide the rotation and translation coefficients necessary to

represent the position of the aircraft relative to the desired coordinate

sysleln.

17



SECTION 3

DATA PROCESSING AND ANALYSIS

The information acquired for the various flyover-noise measurement

parameters is processed by analog and digital data reduction and anayses.

The Douglas -developed Flight Data Center (FDC) contains a large-scale

digital computing system (XDS Sigma 7) and a variety of input and output

devices, including tape drives, line-printers, card-readers, Cathode-l.y

Tube visual displays, and hardcopy displays. The FDC which is shown in

Figu, e 10 is the facility where all of the various types of data acquired by

the noise-measurement system described in the previous section are
integrated to generate the normalized flyover-noise levels discussed. The
magnetic tape generated by the FDC in used as an input to a computer pro-

gram determination of noise levels adjisted to reference conditions of

weather and aircraft performance.

3.1 DATA PROCESSING SUBSYSTEMS

Noise signals on magnetic-tape recordings are reduced to time-series

spectra by the Douglas -developed Controlled Integrating Spectrum Analyzer

(CISA) shown in Figure 10. Figure II is a block diagram of the system.

showing the data flow and monitoring points. The system consists priznmrly

of a General Radio (GR) 1921 Real-Time Audio Spectrum Amalyzer controlled

by a small digital computer. An incremental magnetic tape is generated for

further data processing within a large-scale digital computer (XDS Sigma 7).

The GR- 1921 is a hybrid spectrum analyzer with 24 analog 1/3 octave band

filters and a digital detector section employing true integration techniques.

This analysis system meets the requirements specified in Paragraph &36.2(d)

of FAR Part 36. Table 2 lists some of the basic characteristics of the major

components comprising CISA.

Each flyover-noise recording was digitized by using a 0. 5-second

integration period mode within the GR 1921, to encompass ambient noise and

the 10-PNdB down points both prior to and past the point of maximum Tone

Corr 3cted Perceived Noise Level (PNLTM). The digitizing time-spans were

determined from A-weighted-level histories of the flyover-noise recordings.

Pasl PM
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The sound pressure level reference calibration signals, the broadband "pink"

random noise, the frequency-response calibration signals. and the ambient
noise were digitised for subsequent computer processing. Approximately

10 seconds of ambient noise were analysed for each flyover-noise recording.

To obtain a maximun degree of rpeatability, the "pink" noise frequency-

response calibration jas processed by ensemble averaging within the

XDS Stina 7 of thirty 2. 3-second integration-time data samples.

The Douglas-developed FORTRAN computer py jAam (L3SL operating on an

XDS Sigma 7 computer) is used to automatically edit and combine the

measured 1/3-octave-band levels from the CISA system, the space-

positioning data generated by MALT, the airplane-performance data as

recorded by the ADDS, and the meteorological data from MART to obtain

normalised 1/3-octave ai'd full-octave band SPL's, as well as other flyover-

noise measures su.,.h ae PNL, PNLT, and EPNL (Figure 12). With the

exception of the meteorological data, all of the above data are recorded in

digital format on magnetic tape, with punched cards as an alternate. The

meteorological data are normally input on cards.

To meet the requirements of FAR Part 36, Paragraph A36. 2(d) (4), the

computer program perfornms "moving averages" of three 0. 5-second scans

(obtained from the CISA 0. 5-second integration-time samples) to produce
sound pressure level values (corresponding to "Slow" on a Sound Level

Meter) every 0. 5 second.

The computer program corrects any effects that the ambient noise may have

on the flyover-noise sound pressure levels and to ensure chat erroneous

spectral irregularity corrections are not computed when the flyover-noise

levels fall below the ambient noise levels. All flyover-noise levels between

5 dB and 10 dB of the ambient noise are corrected for the presence of the

ambient noise on an energy basis. The standard acoustical procedure used

consists of convertib the decibel levels to relative powers, subtracting the

ambient power fron. che flyover-noise power, and then converting back to

decibels. All flyover-noise band levels within 5 dB of the ambient-noise

22/
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FIGURE 12. BASIC DATA COMPUTING FLOW FOR TEST DAY PNL'S AND PNLT'S (PROGRAM L3SL)

band level are deleted. For the spectra with deleted noise band levels,

additions were mnado to the tone-correction procedure of Appendi:x 11, FAR

Part 30. 1 hus averaged levels (from pre- and post-deleted band levels) are

used to prevent calculation of erroneous tone corrections for spectra with
dele ted - noise band level 4.

'i he t onputer program automatically accounts for all gain adjustments

.,pplied to the data generated by CLSA, normalizes the 1/3-octave band levels

11.1in01 reference -level calibration signals of any -re.quency in the range of

intert.st, adjusts for system frequency response b: using recorded

broadbind-random pink-noise signals, and accounts for the presence of

hackground noise on an energy basis.

Values of PNI, and EPNL were derived after the application of FAR Part 36

requirud procedures. They include data-averaging time, averaging-time

mode, duration-time mode, deletion of spurious tone corrections,

.itniompheric-attenuation corrections (Reierenc! •), and reference flight

profiles and/or reference microphone positions.

23
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The L3SL OCUM* output tape was combined with airplane measured and
calculated engine perfornance data (program C3AC) by using Sigma 7
Computer Program A9NG. The resulting Sigma 7 TMERGE tape was then

input into IBM 370 computing system utility program A9NA.

For engine parameters such as rotor speed (NI), a short time average

(t'me a closest point of aircraft/200) centered about PNLTM (±0. 5 sec) was

obtained. A simple average of thow N1 from each of the engines was com-

puted and used as the N1 for that flyover. Other parameters on the data

tabulations that remain constant during each run, such as flap position.

were obtained directly from the tabulations.

For certain incomplete MALT space positioning data, a manual position

technique was used to determine aircraft position and path airspeed data.

The technique is discussed in Appendix A.

The tput of the data-processing procedure consists of a variety of line

printer tabulations, computer-generated plots, and a computer-generrated

'zed composite magnetic tape that contains the time histories of the

tes, Iay 1/3-octave band sound pressure levels, time correlated with engine

and zuight parameters weather, and space position data. This tape is

generallv the scurce of data for subsequent engineering analyses.

3. Z A RCRAFT THRUST CALCULATION

Thrust was obtained from an engine performance program (F2RA02) made up

of installed-engine fan ind gas-generator characteristics coupled with a

thrust cIculation procedure based on the Douglas nozzle characteristics.

These characteristics were derived from flight tests of the JT3D-3B-

powered DC-8-55 and DC-8-61 aircraft during initial certification.

Thrusts for the Phase II test runs were obtained by using the measured

in-flight engine pressure ratios (EPR) tor the given teot-run flight conditions

with the F2RAOZ engine performance program.

"*Douglas designation for binary magnetic tape record
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I. IDATA ANALYSIS, ADJUSTMENT. AND PRESENTATION

•. I. D Iata Analysis

The magnetic tape generated by the digital compitting system (XDS Signia 7)

is the source of input data for an IBM 360 computer program (E2QH) used to

prot ess the flyover-noise data to determine test and reference-day EPNL.'s

nid peak A-weighted sound levels. A flow diagram of this prograirr is given

0i,• ,'igure. 13. The line printer output from the EZQ1 computer program

provides test and reference-day (77 F and 70 percent relative humidity),

111te, histories at 0.5 second inte.:vals. aircraft slant range, 1/3-octave band

sound pressure levels, perceived noise levels (PNLI, tone corrected per-

, ,.verl noise levels (PNLT), A-weighted sound levels, and overall ! ruund

pres-•sre levels. The ambient 1/3-octave band and overall sound pressure

lI'vel. for each nmeasuremnent are listed. Test and reference-day effective

pr, evtwd noise levels (EPNL) are also calculated. Representative examples

,,I this presentation are shiowvia irn 1Tble C-Z of Appendix C. For final

p)restntati,)n. the EPNL data are aojubted in accordance with FAR Part 36

prt,,edures to reference condition-, appropriate for the aircraft, and noted

t',Pr each set of curves.

p'resenled in Table E-I of Appendix i-: is a sumrnmiry -if the test-and

referent.v -d-ty EPNL and peak A-weighted sound level, the applicable

,%,'Itistrug,,.ts to these levels, andl tlh (urres poncling ad justed values for the

flyover- noise levels. Discussed in 1ppendix E, is ac sequential proccdure

:,llowed in applying each adjustment to derive the flyover-noist, level..

1. i. 2 Data Adju.itrnents

, he I.Lti I ompuiter progranm is based on the specified procedures of FA-B

P'art 3V and is desi;,,ned to provide flyover-noise levels for aircraft noise

,rtifi(ation. To meet the data presentation requirenments for the Aircraft

,,N.) se Definition l1rogram certain adjustments must be made to the EPNL.

anti A -weighted sound levels provided by the production version of the F2QI-l

fonplut,.r program. These adjustments were made to account for lhe

presc:nt e of psuedotones and to normalize each run, ti's a target aircraft powcr

setting and airspeed. rl'he discussion of psuedotones is presented in

,ppendix D). For the Phase I1 data, Table F -l, all tone corrections at
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freqtienties below 1600 lit were ( onsidered as psuedotones resulting from

ground reflection phenomena and not characteristic of the source noise.

Iherefore, the PNLT values obtained from the (EZQH) computer program

analyses were modified, as necessary, so as not to be based on psuedotone

corrections. A suri•iarv of the psuedotone adjustments in shown in

Table D-l of Appendix ).

Power-setting adjustments are made in both EPNL's and A-weighted leve~s

to normalize each data point to the target thrust of the group. The adjust-

ments applied to the reference-day noise levels are listed in Columns 18

and 20 of Table E-I.

'the referen'e-day EPNL's are adjusted to reference airspeeds appropriate

fnr the power setting. Column 17 of Table F-I is a tabulation of the

v orre(tions deternmined by the relation

.1-:EPNI, = 10 log 1 0 (VTest/ Ref).

The ref.rence airspeed* (VRef) art. representative of those associated with

FA14 Part 31, tia,' ertification at the DC-8-61 maximum takeoff and landing

groeim wueights i'15. 000 and 240. 000 pounds) and their respective flap settings

IS and S0 degrees. On the basis of reference -d•7y weather tonditions, the

rererence airspeeds ,ted were 180 KTAS for takeoff and 155 KTAS for

appro~tch.

1. 1. 3 Data Pre,.entat :.-kn

The reference-day, adjusted noi,,e levels, l to-.d in colunin. 19 tr.d 'I of

"ra',le E. -I provide the input data for the noist cuve development procedure

disc'ussed in Appendix F. !'he adik! sted acousti : data are plotted -is noiset,

level variation with distant e in grolipn comprising data of one power setting,

and a least-squitre curve is faired through the data points. For purposes of

smoothing and extrapolating tlhe curves, cross plots:: are na.dt, at seltected

slant ranges to provide the means for plotting all the desired tliru.-t ;ettungs.

Power settings for the DC- 8 aircraft are identified by referred net tl'rust

('N!,kaml)-, approach power settings are albo ;dentifteei by reterredi tan

speed (Nl I r i,.), in order to he compatible with the approach perforrmance

27



charts in Reference 1. Linear interpolation nay be used for determining

noise levels at intermediate power settings within a set of curves normalised

to the st.iwo airspeed.

For thrust values between takeoff and approach, appropriate adjustnent of

the noise curve is required before the interpolation is performed. The

difference in terms of E1P•L between takeoff and approach airspeeds is

0.6 EPNdS. The transition range for the DC-8 aircraft is between 6000 and

8000 pounds. If. for ezample. the DC -8-61 is in a takeoff condition at

7500 pounds thrust, the levels along the 5000-pound thrust curve should be

decreased by 0. 6 EPNdB (corresponding to conversion to 180 KTAS) before

interpolation is performed. U the airplan.e is in approach, the 0.6 EPNdB

should be added to the 8000-pound curve before interpolation is performed.

The power setting usually falls within the airspeed range of either takeoff

or approach. *,id the airspeed correction applied to the curve value of EPNL

is calculated in a straightforward manner.



SECTION 4

DISCUSSION OF RESULTS

The analysis and resultant ncise level information presented in this report

are based on the flyover-noise measurement data obtained froani the Phase 11

DC-1-(61 aircraft flight test conducted during the period 6-8 November 1973.

The antlytiral methodology and acoustic data computations developed in

Phase I of t, e program were applied to the data. The restilts of the analysis

of the acousti4 data are presented am variations with slant range of reference-

day (77 0 F. 70-percent humidity) EPNL and peak A-weighted sound level's.

d8A. (maximni A-weighted sound levels during flyover). The data were

plotted for several power settings ranging from takec ff thrust to the thrust

typical of a high-glide-slope approach. In addition, the effects of elevation

angle or sideline distance from the flight path were studied, and levels of

lateral noise attenuation were defined. I he statistical accuracy of the data

used in the EPNL plots was also determined.

4. 1 EFFECTIVE PERCEIVED NCLSE AND A-WEIGHTED SOUND LEVELS

The results of the analysis of the Phase It flyover-noise measurements are

presented in Figures 14 and 1 as EPNI . and A-Weighted sound level

variations with slant ranges. The preparation of the plots followed the

techniques discussed in Section 3 and was identi%:al to that used in the

Phase I analysis of existing DC-8-61 flyover-noise data.

comparison of l'igtires 14 -and 15 with the respective plots of Phasae I data

mFigtirer 3 and 4 (if Refere'n e I) shows a meno-ral overall lowering( of noise

Ievelti for a comparable engino- thrust and slant range. Pints of the. EPNL

variations with slant ranise, are compared in Figtre I#) for two represelita-

tive thritst settings Tihe difference in EPNI.'s varte.pt etween 4 dB at

short slant ranges (400 feet) and 6 to 12 dB at large slant ranges (5000 feet).

A xiirilar comparison between the A-weighted sound levels would show

Z to 4 rill (A) at short ranges (400 feet) and 5 to Q dB(A) at large slant

ranges (5000 feet).
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An investigation of these differences was made by reviewing the methods

used in data acquisition. processing, and analysis. The investigation

identified several factors that could explain the differences in the two sets

of data. Quantitative estimates of the effects of three of the factors have

beren made, but stch estimates of the effects oa other factors are not

available. The discussion that futlows indicates the effects of the partial

adjustment resulting from the application of the three quantitative estimates.

Different methods were used in determining the flight paths of the airplane.

F'or the Yuma tests, the MALT tracking system (Paragraph 2.3.4) was

used, which has a demonstrated accuracy of +0. 05-percent. For the Fresno

tests, the less accurate photographic rmethod was used. The photographic

method has a + 10-percent estimated degree of repeatibility (within two

standard deviations).

The noise measurement and data procvssing systems for the two tý.sts were

not identical, but it is believed that the differences could not have introduced

any appreciable variances in the noisi;e data.

There were three differences in the ioise analyses. First. the Yuma data

were corrected for ps4,udotones in the low frequency bands of the 4spectra.

No pseudotone corrections were applied to the [-resno data, however Had

corrections been applied, the Fresno data would have been adjuzted downiward

by about I EPNdB. Second, the soorad-path distances were determined differ-

e:ntly. The direct overhead height to the aircraft was taken as thu Sound-path

distance in the ki'resno tests. For the Yuma tests, the true, sound-path

distance (distance betweezi ricrophonec and airplane it the time of )IN i,)

was used. A quantitative estimate of the effects of this dif.erence is not

available. Third, the aircraft overhead height was ta7per as the slat rangp

at CPA in plotting the Fresno data. The Yuma d.ata were plotted at the true

values of slant range at CPA. The use of the true slant raunge for the Fresno

data would have reduced the noise levels approximately 0 to 0. 5 ENdli. The

simplifying assumptions used in the Fresno analyses were appropriat. in that

program, since the primary objective of the program was the determination

of the incremental changes in noise '|u, to nacelle acoustical treatment.

Accuracy in the absolute levels of the noise was of lesser importance.
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A review of the surface and sound-path weather records obtained during the

two tests showed that the surface weather conditions werc acoustically similar

but that the sound-path weather during the Yurna tests was characterized by

generally lower absolute humidities. Differences in the teat-day noise spectra

tend to reflect the weather variations in that the low-frequency bands of the

spectra tended to agree well. but the SPL's in the higher frequency bands for

the Yuma data tended to be lower. In conformance with Part 36 procedures,

weather corrections have been based only on surface weather.

Although no validated method for adjusting noise for sound-path weather varia-

tions is known, an estimate was made oi adjustments in the Yuma dati, that

mighL roughly account for ihe sound-path weather variations. This estimate

and its results are presented in Appendix G, - 1 ,re potsibl, adjustments

ranging from +0.3 to -2. 9 EPNdB are indicattza, The adjustments for the,

takeoff power average -0.7 EPNdB, for cutback power +1.2 EPNdB, and f,)r

approach power +1.8 EPN,1B. Corresponding adjustments for the Fresni,

data are not available.

The three quantitative adjustments mentioned above are compared in Table 3

with the incrermental diffternces. An explanation of the residual differences

shown in Table 3 could conceivably be found in the combined effects of the

lesser altitude accuracy of the Fresno data and the lack of a consistent and

validated method for adjusting both sets of data for sound-path weather

variations.

TABL.E 3
PARTIAL ACCOUNTING OF DIFFERLWJCES BETWEEN

PHASE I AND PHASE It

L ONG SL ANT
LOW ALTITUDE/ RANGE/

APPROACH TAKEOFFSTI4•I•P•TTHRUST
J)400FT/5,I00LBI 130W FT/15"S LS)

P )HTE. EP,. ')IF 4rN. F I
(PHASE I P A!ý , .- &I,+;Gu,4E 16) .4 .6

PSUFr UOTONE AUJub I Mi.-1 1

AL ] ITUDE VS CVA P1 OTTING
AUJUSIiMENT 0 -0.5

LAYEREDJWEATHER AU.:t:,TMFfNT

ADJUbTEI) OIFFEAiNCF I
(PHASE - PHASk 11) -1 45L 5
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4.2 tLATERAL NOSE ATTENUATION

'I ke determination of noipe levels from an aircraft flyover directly overhead

dlepends on measurement of a complex set of physical variables. The

variations of noise level with distance shown in Figures 14 and 15 are based

on measurement of these variables. However, the generation of community

noise-impact area contours utilizes not only overhead noise data but also

data from the slant-range sideline noise measurements for given aircraft-

altitude profiles. Variations of extra ground attenuation (EGA), shielding,

and directivity effects as functions of elevation angle (A). must be considered

in any accurate definition of noise impact area. As a Phase IU study objec-

tive. data were measured on either side of the flight path during aircraft

flyovers and analyzed in an effort to determine these combined effects on

lateral noise attenuation.

lFigure 17 is a plot showing the variation of lateral noise attenuation with

elevation angle (p) for three pcwer settings. The variation is a function

of 11 and the distance D to the side of the flight path. The data points shown

Som prise a range of sideline distances from Z500 feet to 8000 feet and slant

ranges to approximately 9900 feet.

Io normalize the data, differences in noise levels for equal overhead and

sideline sound paths were calculated, thus removing effects of attenuation

du•e to atmospheric absorption and spherical divergence. When plotted, the

data points collapse to a single curve, rather than the expected spread it

any given elevation angle with variations in sideline distance. These data

would indicate that the lateral noise attenuation is primarily a funcLion of

elevation angle (t); and that the effect of sound patf. length is negligible.

Additional noise-level measurements at sideline distances of 500 to 1500 feet

and at low aircraft altitudes (300 feet); as well as large slant-range flyovers

at small elevation angles. should help to confirm or revise the observed

t rend.

4.3 LATERAL PROPAGATION EFFECTS

The possible effects of test-site asymmetry on flyover-noise level

measurements are recognized. Other studies (Reference 5) have ascribed
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to EGA, anomolous sideline noise levels for small elevatioia angles (3- to

4 -degrees) of the flyover aircraft (400 feet). It was pointed out that elevation

differences between sideline measurement locations could be the "explanation"

for differences in long-range (6000 feet). symmetrical, sideline noise-level

mieasuremnents.

in selecting Yumia International Airport as the test site for the Phase if

* flyover tests, consideration was given to the relatively flat terrain; and

although the data from the tests have limitations (single location on NW aide),

a quantitative evaluation was made of the test site asymmetry.

[Figure 18 shows plots of EPNL variations with distance to the sideline of the

flight path, at altitudes near 1, 000 feet, for thrust settings of 15, 000, 10, 000,

93. 000, and Z, 000 pounds. The plots show symmuetry for the data available,

however, an one side only a single location at 2500 feet was used'. There-

fore, the symmetry at large sideline distances and low elevation angles

could not be determined.

Figure 19 presents similar plots for thrusts of 15, 000, 10, 000, and

5, 000 pounds at altitudes near 5000 feet. The curves are relatively fla t

compared to those in Figure 18, this demonstrates tThe effect of the difference

in sound path length between overhead and sideline locations. The relative

increase in sound path lengths in going from an overhead distance of

1. 000 feet to a sideline distance of 8, 000 feet is approximately eight times

(Figure 18); the relative increase in sound path distance in going from an'

overhead distance of 5, 000 feet to a sideline distance~ ol 8, 000 feet is

approximately 1. 9 times (Figure 19). The difference in attenuation for

these distance factors, based on spherical divergence is approximately 12 d B.

Figure 20 shows the noise level variation for overhead and sideline distances

for various aircraft flyover altitudes at takeoff thrust. As the flyover alti-

nide is increased, there is a noticeable flattening of the curves, because the

centerline noise levels decrease and the sideline noise levels increase with

increasing elevation angle (13).
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4.4 DATA ACCURACY

The statistical accuracy of the data used in determining the EPNL curves in

F'igiri, 14 is tabulated in Table 3 in terms of the 90-percent confidence

hinits. The noise data used were measured at the centerline microphones.

torrected to reference-day conditions ind adjusted to the reference airspeed

and appropriate target thrust.

The method used in the analysis utilized gýouping of the normalized data

points bý sets In a limited altitude range and adjusting each data point to a

oxxinmon altitude by the technique shown in Figure 21 . The sample data

point was adjusted from its measured CPA of 1140 feet to the common slant

range of 1500 feet along a path parallel to a segment of the 10, 000 pound

tiurve from Fý'igure 14. Applying a &EPNL of -3. 3 EPNdB to the measured

I 0O. 5 EPNdB (at the CPA) results in an EPNL of 102. 2 DPNdB. Each point

is ad.itjsted to 1500 feet in the same manner, and the percent confidence

limits of the six data points determined by using the srmll sample t distri-

baution method as follows (Page 244 of Reference 4):

'I he small sample confidence limits, y, for 90 percent is given by

TL +X t . o5

where t is the distribution factor dependent on the number of samples,.05

(X Xz-X + (... + (x -x) 2

n-I

and a u average of n samples consisting of X1 , X2 - -- -X.

"The results shown in Table 3 indicate the 90-percent confidence limits to

he better than +1. 0 EPNdB, except for the low-altitude range (450-650 feet)

at 15. 000-pounds thrust (+1. 27 EPNdB). and the mid-altitude range at
S., 000-pounds thrust (+2. 29 EPNdB). Of these, only the latter data are

,111tside the program objective of equal or better than +1. 5 EPNdB 90 percent

cocnfidence limfits.
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The three low altitude daLa points at 15. 000-powuds comprise the group
stiving +1. V7 EPNdl% confideance: altbough the scatter of these points. as

seen in ligure !4, does not appear excessive. Figure 14 also shows the
three S000-pound data points near 1600 feet. which when groulped with the

three data points near 1350 feet (all adjusted to 1500 feet) result in the

largest confidence interval of +Z.29 EPNdB. The scatter is evident in the
V'PNL, plotted data but cannot be accounted by variations in airspeed or

thrust.

The data for long distance and low thrust (Z, 000-pounds) showed very

favorable results as reflected in the confidence limits.

4. rw LATERAL NOISE ATTENUATION ADJUSTMENT

Although not initially a test objective, a brief study was made into methods

of presenting the effects of lateral noise attenuation, including EGA. and

the manner in which far sideline distances and low airplane altitudes

, ornhine to produce lower-than-expected noise levels. Other studies

(References 5 and 6) have suggested a fan plot or "ladder technique" for

presenting adjustments to EPNL values to account for EGA effects. Each

plot. however, is limited to a specific power setting. thus requiring several

plots and considerable interpolation to determine off-design values As a

rtsult a method it. suggested an a procedure to compute EPNI.'s for side-

Iii;i. locations. Thiai method. Figure 22. is based on the relationship

V
EPNL EPNLN - 10 log1 0 v-F-- - LNA

wherR

EPNL a normalized EPNL. EPNdB

V a aircraft velocity

VREF a reference aircraft velocity

LNA a lateral noise attenuation. EPNdB
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and

LNA - ke-x f(F N/b Aab

Figure 22 is presented as a suggested method with no attempt made to

provide quantitative values.

4.6 VERTICAL PROPAGATION EFf"ECTS

Sound propagating through the atmnosph~ere is subject to uniform spreading

losses that follow the inverse square law of spherical divergence and atmo-

spheric absorption (or "excess attenuation"). Reference 2 was issued by the

SAE as a recommended practice for determining atmospheric abs.orption as

a function of temperature and humidity and applying adjustments to determine

standard-dpy noise levels. Subsequent to its issuance, APR 866 wzs

subject to critical evaluation. However, at the present time, it is the

accepted method used to meet the requirements for FAR Part 36 aircraft

noise ccrtification. Therefore. all noise levels presented in this report are

base(d on the procedur- b uf AI-P H6f(. This required thi, use of surface

weather conditions (temperature and relative ho'midity measured at 10 meters

above the ground) and adjusting the measured data to reference-day values

(77 to F and 70-percent relative humidity).

It was an objective of this study to investigate what ,ffects variations in

temperature and relative humidity along the entire noise propagation path

might have on the determinatitin of the reference-day noise levels.

The method followed was to segment the sound path in horizontal strata from

the noise source (aircraft) to the measurement location. For each segment,

the average weather conditions were determined from the information

provided by Figure B-4 of Appendi,. B. A computer subroutine from the

E2QII program (see Paragraph 3.3. 1) was used to determine the ARP 866

adjustments in the sound path distance in each segment; the summiation of

these adjustments was applied to the measured data, and a reference-day

noise level spectrum plotted. Shown in Appendix G are tabulations of

comparisons between EPNL values determined by the layered-weather and

the FAR, Part 36 methods (Table G-1). Also shown in Figure G-l, are

representative examples of the 1/3-octave band spectra plots,
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-"'li' refere,•e-day EPNL values deterfmined by thb, layered weather method

varied from values determined by tht- FAR, Part 36 method by +0.3 dB (for a

low altitude cutback thrubt flighti to 12. f( dB (for an intermediate altitude

apI)roatch thrust flight). Generally, the 1/3-octave band spectra di.termined

by both ,'wthods, at time of FNI.'TIM, were quite similar, as shown for

Run I IA (n Page i r1. H(owever, ais seoen for Run 33 B on Page 156, large

difft, rences did occur. This artonioly i6 uIeplained and therefor(, further

research into the effects of sound-path weather variations is needed before

this technique can be applied.
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SECTION 5

SUMMARY AND CONCLUSIONS

11.,/ver-noise tests of a Douglas DC-8-61 were conducted at Yuma, Arizona

dil ring (,-8 November 1973. Noise data from the flight toots were analyzed

and derivation,* cf the nornalited EPNL. and A-weighted sound level variations

with slant range were made. ,'"he noise levels for thrust settings from

2000-pound approach thrust to the JT3D-3B takeoff thrust and slant ranges

from Z00 to 10. 000 feet (or minhnurm noise levels of 80 EPNdB or 65 dBA)

were plotted. The data used were from measurements of the overhead-noise

levels and did not include any lateral noise attenuatie' nffects.

Comparison of the plotted FPNJ, and A-weighted mound levels with the

respective plots of the data from Phase I indicates values that are lower

than previously reported. The EPNL's range from about 4 to 12 EPNdB and

Ihe A-weighted sound levels 2 to 9 dBA lower than the values shown in

Reference 1, with the larger differences occurring at the longer slant

ranges.

From a comparison of the measured overhead and to the sideline noise levels

for several power settings a significant relationship between lateral noise

attenuation, the flyover elevation angle (0), and the surface distance to the

side of the flight path (D) was found to exist. Both the elevation angle and

the sideline distance are interrelated in the determination of lateral noise

attenuation, but of the two factors, the angle of elevation is the most

significant.

No significant asymmetry was noted in the measured test data to a sideline

distance of 2500 feet.

The plots of the EPNL variation with distance to the sideline of the flight

path exhibit a noticeable flattening with increases in aircraft altitude for a

given thrust setting. This is because of the relatively large changes in

sound path distance, with altitude increases, for the near centerline

locations as opposed to only minor changes in sound path distance to the

more distant sideline location, for a comparable increase in altitude.
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rhe statistical accuracy of the data used in deter.rnning the plots of EPNL

variation with slant range was evaluated in terms of 90-percent confidence

limits. The results indicate the confidence limits of EPNL to be lose than

+ 1. 0 EPNdB for most thrusts and altitudes; this was also the case for the

DC-8-61 data reported in the Phase I study. For the 5000-pound thrust setting

at mid-altitudes, the calculated limits were +2.29 EPNdB and for 15, 000-

pound thrust the limits were + 1. 27 EPNdB. The larger confidence limits

calculated for those two thrusts result from variations in the data that are

unexplained at this time.

Methods of plotting lateral noise attenuation adjustments were studied and a
suggested procedure to compute EPNI,'s for sideline locations was presented.

Vertical propagation effects were studied and noise level adjustments for

suund-path weather variations were estimated. This estimate indicated that

a I to Z EPNdB difference might occur for low altitude (less than Z00O feet)

flvovei noise when weather corretions tLre made ')n the basis of sound-path

weather rather than surface weather.

I he no~ise levels dett-rmined for th, DC -b-61 as a result of the Phasc 11 fly-

over-noise tests are generally lower than those previously reported in Phase I.

A review was made of the methods used in the two tests in data acquisition,

pi-oceasing, and analyses. The review identified three differences in the

analytical procedures that Lwntributed Lo the varLances and it identified

several other factors, including swund-path weather variations, that might

cxplair, the remainder of the diffrc-n,.e.
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APPENDD( A

EVALUATION OF DATA ACQUOITION

The flyover-noise measurement runs a~ttemnpted for Phase UM of the Aircraft

Noise Definition Program are listed in Table 1 of Section 2. The exact

space positioning of all microphone locations is shown in Table A- 1. Noise
data were recorded for all runs. However. only the data listed in Table A-Z

were reduced and used in this report.

All Flight I ADDS data contain varying degrees of erroneous data for all

airplane parameters. Most of the erroneous data is recognizable; however,

oither necessary operational data are unavailable for Flight 1. Therefore,

none of the Flight I data were used in the analysis reported in Section 4.

TIhe acoustic data for microphone sideline distances of 5, 000 feet or more

are severely limited by the level. of ambient and microphone system noise.

the system noise consisting of extraneous high-frequency signals. Where-

ever possible, the extraneous high-frequency content was eliminated, and

care was taken to use the lowest possible levels of valid ambient noise for

each run.

The following runs had incomplete MALT space -positioning data: Runs 5, 6.

24. 25, and 27 through 34. The deficiencies were eliminated by manual

p .osition data input with a point every 2 seconds. The following techniques

were used to interpolate for the incomplete MALT space -positioning data:

1. The available tracker altitude data were compared with the corresponding

airplane pressure altitude obtained from ADDS data. Aircraft pressure

altitude was corrected to correspond with tracker altitude, and the

corrected pressure altitude was then used for missing tracker altitude

data.

2. A similar technique was used for path speed, where indicated airspeed

was adjusted to agree with tracker airspeed. The adjusted airspeed was

used for the incomplete path speed daita.
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3. The X-position of the airplane was calculated from the X-component of

path speed.

4. Lateral position was obtained by extrapolating available MALT

lateral -position data.

The flyover-noise data "drop-out" due to ambient and system noise was

anticipated, and the amount ýO vcuid 4ata obtained compared to that attempted

was high (greater than 90-perr'. Consequently, the objective of the test

was well satisfied.
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APPENDIX B

YUMA. ARIZONA, TEST-SITE WEATHER CONDITIONS

"I lie dry-bulb temperature, relative humidity, and wind speed and direction

weather conditions were recorded during the flyover-noise testing at ground

level and by upper-air soundings. The latter data were obtained by the

National Weather Corporation with the following techniques:

i. Temperature and relative humidity were obtained from continuous

recordings from a instrumented light aircraft.

>. Wind speed and direction were obtained from theodolite tracking of

weather balloons.

'I he test day surface and sound-path weather conditions are summa&rized as

follows:

Figure B-1. Summary of Frequency of Occurrence of Surface

Weather Conditions within FAR Part 36 Limits.

Figure B-2. Summary of Temperature Inversion Characteristics by

Month.

Figure B-3. Plots of Measured Test Day Surface Weather.

Table B- . Summary of Test Day MART Weather Measurements.

Figutre B-4. Plots of Upper-Air Sound-Path Weather Data.

I he data from Figure B -4 was used in the layered weather determinations

disiussed in Section 4.6 and the data presented in Appendix G.
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APPENDIX C

SUMMARIES OF ACOUSTIC & AIRCRAFT OPERATION DATA

The printed output data from the computer program analyses of the measured

acoustic and aircraft operation parameters are summarized and presented in

Tables C-I and C-2.

Table C-I is a summary of the measured aircraft operation parameters used

in analyzing the flyover-noise data.

Table C-2 presents selected representative computer program flyover-noise

analyses of the Phase II night test. These outputs from the E2QH computer

program provide listings of the aircraft, weather, and tout site paranleters

used in each analysis. Also shown are the following:

I. I!3-octave band SPL's at 0. 5-second intervals

2. 1. 3-octave band center frequency of tone correction adjustment

3. Time history of overall SIl,'s at 0. 5-second intervals

4. Time history of A-weighted sound levels at 0. 5-second intervals

'F. iime history of PNL values at 0. 5-second intervals

6. Time history of PNLT values at 0. 5-second intervals

7. Tinme history of acoustic range for noise levels at 0.5-second intervals

(sound path distance)

• . Tim,. history of optical range Cor noise levels at 0. 5-second intervals

islant range of aircraft at timne flyover-noise reached muicrophone)

9. Pkit of tinf4. history of r)NIT

I0. N.,i.•, levels at time 4 PNLTITM.

OP7TIAL

ACOIJSTIC

79
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AFPENDDC D

GROUND REFLECTION PSEUDOTONES

"To obtain "free field" noise spectra from data measured in the preseuce of

a ground plane requires that the measured noise spectra be corrected for

the spectral effects of the ground reflection phenomena. In the presence of

a surface, the recorded noise spectra of a source will be affected by the

interferences between the direct and reflected sound waves; with destructive

interference or reinforcement of the signal dependent on the differences in

in direct and reflected sound path distances.

The theoretical bases for the following a", taken frow the analyses made by

various authors (References 7, 8, and 91,

During a flyover, the geometry of the point source and microphone receiver

relative to the ground surface is as ,3hown in Figure D-1.

The source of the sound is assumed to be a point source which produ.ces a

stationiary and random noise.

In the vicinity of the microphone ground suiface irregularities are assumed

to be %mall when compared with the wave length of the sound in the frequency

range of interest, such that specular reflection can be assumed and that the

concept of an image source can be adopted.

if the ground is considered as a perfect reflector, the ratio, R, of the

resulting mean square pressure to the -nean square pressure which would

have been mesured in the "free field" is given by (References 7 and 9):

I12
R = I +a -1 C

where

r
r

Noft P9ll Mlk
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In the case of a pure tone, the autocorrelation coefficient, C, is given by:

CT COO 27T

The reflection index, AN, associated with this frequency, expressed in dB,

represente the difference between the total sound level (direct plus reflected)

and the direct signal along. It may be expresmed as

A 1 0 logiO I l- +yco CO 2

A plot of reflection indices as a function of &r/X for the geometrical

parameter Z = r' /r v I are shown in Figure D-2. A phase difference occurs

betv-een the direct and reflected waves because of differences in acoustic

path length.

The resulting 1/3-octave band spectrum will contain a series of peaks and

nulls with the theoretical form as shown in Figure D-2. The peaks occurring

at wave lengths, K, that are multiples of the sound path differences and the

nulls at one-half wave lengths. The first null would occur for the case of

the aircraft directly overhead at

2h'

Figure D-3 represents 1/3-octave band spectra plots for L typical test run

for microphones located both 4 feet above the ground and flush with the

surface. The spectra for the flush microphone was normralized -3 dB to

account for pressure doubling. The noise spectra measured with the

rniicrphone 4 feet above the ground exhibits nulls and peaks corresponding

to the theoretical curve in Figure D-2. Since these nulls and peaks are not

a.ssociated with the noise source, they are classified as pseudotones.

The flyover-noise analysis computer program (E2QH) provides as an output

the designated, by frequency and amplitude, tone corrections that were

determined by the procedures specified in Appendix B of FAR, Part 36.

However, pseudotones are not associated with the noise source and must
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FIGURE D-2. THEORETICAL 1/3 OCTAVE REFLECTION INDEX
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not be applied to the PNL values to obtain PNLT. Table D-I to a sunla'ry

of those tone corrections that are considered as pseudotones. Such tone

corrections were subsequntly removed from the PNLT values shown in

T'able C-2 of Appendix C.

TABLE D-1
SUMMARY OF PSEUDOTONE ADJUSTMENTS

MEASUREMENT TONE CORRECTION

(RUN AND MICROPHONE I AMPLITUDE - PNLdS FREQUENCY - H&

U 0.5 210
1 1( 0.9 250
111 0.9 250
lIE 1.6 500
IIF 17 500
11i4 1.0 500
12(G 1.2 1000
1 J( 1.3 1000

lbG 1.8 1000
t•H 1.1 1260

IGF 2.4 5W0
1 7 3.4 500
,1 ;3.0 500

2.2 500
181, 4.4 S00
18SF 38 500
19F 2.9 S0o
19G 1.4 ,Soo
)OF 3.5 500

1it 2.8 500

21F 3.0 500
21(6 2.9 500
7 l1 2.0 500
22C 1.0 2r50
?2D 0.9 315

.1.1 1250
23C 0.8 2bO

230 0.7 160
73F 2.1 630
23F 1.9 630

2:IG 1.8 1000
20 .0 6S0
24A 0.5 160
2411 0.1 160
?5C 1.1 250
2I~ 1.1 250
2?1 1.1 630
7bF 0.7 315

20 630
0.7 125
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TABLE D-1
SUMMARY OP PMUOOTONI ADJUSTMENT$ (CONTINUED)

mIMUIIMINT I GRII .....
,UIMl A 1l AMPLIUE - iNLdI CROoPMOcW - oft

26A 0.4 260
ZGtF 2.1 goo

ZTG 2.9 an3
21" 0.5 4400
WDA 0.9 260

3"0 0.? z0
no 0D.8 32O

3K0. n

M 0, 31

31H 1,6 630
290 0.7 I16
'9c 1.6 350

29D 1.1 260

2K 1.3 16002IG 2.,5 1260

29F 1.9 630
S30: 1.010
300 1.0 0

361.2 leaw
300 0.6 4W0
31C IO 20
310 0.7 126
32A 0.8 315
32C 1.1 250
32F 1.0 2w
30H 0.1 too

313C 25:t30
330 1250
33E 1.2 2O

33F .1i 160
33H 1.1 630
349 0.9 250
S1.1 250
340 1.4 250
34E 0.6 250
34G 0.9 400
3414 in 630
3 K. 1000

NO It "

(l1 I)LTERMINED BY PROCEDURES IPECIFIL D IN APPENDIX It. OF V AR, PART 36.

(2) ALL PREQUENCIES REPRESENT IIHE CENTER FREQUENCY Of THE !/3-OCTAVE BAND IN
WHICH THE TON•E OCCURRED.
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APPENDDI E
SUMMARY OF DATA ANALYSIS

'I hc dfta rewilting from the processing and analysis of the flyover-noise

IeaNirenients are summarized in Table E-1. For the microphone locations

tiot listed, data analyses were not performed because of unacceptable

recorded noire or aircraft operational performance measurements. This

included all of the first night's data (Runs 1-10).

Table E-l is a listing of the measured data, the applied corrections and

adjustments, and the resultant reference-day noise levels for all the

analyzed Phase II flyover data.

The columrns, as numbered, contain the following information:

1. TAR(;F:T THRUST. -'N/6amb(1000 ib)

2. RUN NUIMBER

3. MICROPHONE LOCATION

4. lATERAL DEVIATION. FT - Distance perpendicular to and measured

fronm the ground projection of the flight path to the microphone location.

5. AIRCRAFT HEIGHT. FT

i,. SIANT RANGE, FT - From measurement location to closest point of

aircraft (CPA)

7. MEASTIRED EPNL - Data analyzed as measured (including only

measurement system corrections)

8. REFERENCE WEATHER EPNL - Adjusted to reference-day conditions

(770F and 70-percent relative humidity)

9. TONE CORR•E'CTION (MEASURED) - Determined by FAR, Part 36,

Appendix B
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10. TONE CORRECTION FREQUENCY - Center frequency of 1/3-octave

band containing tone

11. MEASURED EPNL MINUS TONE CORRECTION - EPNL with tone

correction removed if due to a peudotons

I1. REV. WZA. EPNL MU]US TOIN CORRECTION - EPNL with tone

correction removed if due to a jim-dotone

13. MEASURED dBA - A-weighted sound level including only measerement

system corrections

14. REFERENCE WEATHER. dBA - Measured dBA adjusted to reference-

day conditicus (77°F and 70-percent relative hunidtty)

15. TRUE AIRSPEED. KNOTS - Measured airspeed

16. ACTUAL THRUST. FN/Samb lb

17. AIRSPEED CORRECTION (EPNdB) - EPNL adjustment to reference

airspeed

18. THRUST CORRECTION (EPNdB) - EPNL adjustment to target thrust

19. EPNL (ADJUSTED) - (8) or (12) + (17) and (18)

20. THRUST CORRECTION (dBA) - A-weighted sound level adjustment to

target thrust

21. dBA (ADJUSTED) - (14) + (20)

?2. PNLTM (MEASURED)

23. DURATION CORRECTION (MEASURED) - (22) - (7)
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APPENDIX F

PROCEDURE FOR NOISE CURVE DEVELOPMENT

Determination of a mean curve fit to a set of experimental noise-level data

has long been a problem in establishing the relations5hip between noise level

and distance from a source. Numerous techniques, such as least-square

curve fit to a polynominal.of a desired degree or simple use of a ship's

curve, have been used.

In this program, the dependence of noise level on distance from the source

is based on a least-square curve fit using an expression accounting for the

decrease in noise level with distance according to a logarithmic decay term

(spherical divergence attenuation) and a term for atmospheric losses having

a linear coefficient (atmospheric attenuation). Thus it can be expressed as

L - a log (X/X) - b I (X - X )/1000) - L,

whe re

L = noise level at reference distance. EPNdB or dB0

a coefficient of logarithrnic decay term for given noise-le- el quantity

X distance between source and receiver, feet

X - rference distance of 250 feet
0

t - coefficient of linear decay term for given noise-level quantity,

E'PNdB/1000 feet or dB/1000 fe.t

1 : noise level at distance X, EPNdB ,r dir

(A variable coefficient was included for the logarithmic term because there

was noit an a' priori reason for the EPNL or the A-weighted level to decay

,:xactly as tho inverse-square law. The value of the coeffici.nt should be

approximately Z0.

Preceding page blank
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It is necessary to find Lo, a, and b such that a curve through the data points

TrifniVAses the error. There are, in general, N data points, and the form of

the equation, for a general data point at Xi, Yi, becomes

. .. o (Xi/Xo) - b [Xi - X0 )/l1000u Li

'ro simplify,

lot log (Xt/X) Wo

and (X - X )/l00 Z=
i 0

which gives

L° -aW- bZ, =L

For the DC-8-61 airplane in this study, the coefficients, (Lo, a, and b) were

determined by the use of a regression method and the noise level as a function

of distance for each power setting generated. Because of insufficieut data

points in the basic Phase II study, some of the noise curves were in conflict

in relation to the noise data for the• other power settings. When this happened,

curves were readjusted by using (noise versus power setting at a desired

altituc>') cross plots.

In addition, curve definition outside the measured data points required

extrapolation. Such extrapolations are shown as dashed lines in Figures

14 and 15.
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APP2 IENDIX G

SOUND PATH EXCESS ATTENUATIRN BY LAYERED WEATHER METHOD

Th,' deternmination of the reference-day noise levels presented in this report

art the result of atmospheric attenuation adjustments based on ground level

mneasured weather conditions at the time of the specific flyover-noise measure-

n,:,t. Table (-I contains a summary of the neasure.i and reference-weather

PN1.T and EPNI. values for selected flyover-noise meast ,-nlents. All data

are for locations directly beneath the flight path, thus eliminating any lateral

noise attenuation.

'The effects that any variations in upper-air weather might have on the

delterminaticon of reference-day noise levels were investigated. For each

of the, rmeasurements listed in Table G-l the sound path was divided into

a se€ries of segrnents or layers. Th,- average weather conditions for each

layer were found from the upper-air weather data presented in Figure B-4.

By use of a subroutine from the EZQH flyover-noise analysis computer

program the ARP 866 atmospheric absorption adjustments for each layer

were determined, sunimed, ind thn applied to the measured data to

obtain PNLT and EPNL (listed in Table G-1), and 1/3-octave-band sound

pressure levels (shown in Figure G-1).

Co,•parisns between the ii easured data, and the data based on surface

%,weathet and the layered weather methods of determining reference-day noise

ijvcls are presented in Table G-I and Figure G-i.
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TAKLE G-1
SUMMARY OF NOIS LEVELS OETERMINED

9Y SURFACE-WEATHER AND LAYERED-
WEATHER METHODS

0, 41, 4#i

11 TAKEOFF 1420 494 168.8 1202 12017 121 3 115.6 116.3 .0.7 1
TAKEOFF 14261 1140 10&2 111.5 1115 112.2 109.8 110.5 *0.7 1

C TAKEOFF 14330 1643 171.6 106.5 106.4 107.0 106.4 107.1 +O7? 1

2 B 0 TAKEOFF 136 463 114.7 122.6 123,b 1242 117 7 1 ib.5 40.3 2
C TAKEOFF 14079 1066 173.5 1111 I 111,3 11118 109.3 109P *0.5 2

23 8 TAKEOFF 14062 646 168.5 1116 118.7 1194 114.2 1150 *0.1 2
C TAKEOFF 14169 1329 166,8 10.2 106.4 10S.9 108.0 108.5 .1,6 2

24 A TAKEOFF 14147 1479 170. 106.5 1065 106.0 105.6 106&2 406 2
B TAKEOFF 14428 2202 1/0.8 102.2 102.1 I02.? 103,5 104.1 +06 2

43
C 25 A TAKEOFF 14228 1316 161 I1 107.4 : 08.0 106.4 1 04 107,9 0.. 2

a TAKEOFF 14261 2116 166.9 103.0 102.9 1034 103.3 10i9 +0.6 2

28 C LEVEL 13533 5382 86.6 86.0 8s8 88.8 89.1 +0.9 2

1 2 A TAKEOFF 9633 460 174.5 123.0 124.0 0 124.2 116.5 116.3 +0.3 1
9 TAIKEOFF 963 81 139 142 115.6• 116.3., 110.4 111.4 +1.0 1
C TAKEOFF 9613 q130 1I0.0 107.4 1.9 110.4 106.7 102 1. 1

13 A TAKEOFF 1954 413 1169 1211 122.0 122 5 1146 115 1 +,0. I

B TAKEOFF 9475 890 175.0 113.5 114.6 116.2 106.9 110.6 +1.7 1
C TAKEOFF 9510 1162 172. 107.0 106.1 110.1 104.3 1U6.3 +2.0 1

a 1 A TAKEOFF 9b24 497 1 RO f)15 1,, 3 123.0 114.5 11i).3 .08 3
8 TAKEOFF 9661 .13 17.9 113.0 1 118 115.7 10G.3 110.1 1.9 3
*: TAKEOFF 9626 1214 18.3 1064 101.5 109.9 103.6 1060 42.4 3

" 30 A LEVEL 926: 5Y46 18.3 1 3 78.5 R2.3 83. 1 +0.8 2
S8 LEVEL. q279 52r41. 7 8041 825 834 +0.9 72

32 A c LEVEL 9350 839 1.9 13.6 1.1.b 73.3 77.8 78.5 .0.7 4

s i APPROACH 479411563J 1R3 3 93.21 940 96.b 9w.h 93 1 *2.6 3
B APPROACH 4714 1147 11.7 Di10n8 ' 105.1 978 1001 3

I C APPROACH 4686 805 186.4 106.4 109,1 1 IV 3.0 104.6 +t6 3

120 1 A APPROACH 4124 16(1 7 1 8 1 1 1 89., 91 -. RH2 90.1 +2.9 3
"H APPROACH 464 1186 1c4*4 1(13 ''15 liS iu9.1 99.3 '2.4 .3

APPROACHI 4655 840 184.R1 1 Gý 0 8OH.6 110.3 102.8 104.6 '1.8 3

21 A APPROACH 5067 1646 1-1.8 112 7 920 94.8 89.7 92.5 +2.8 3

18 APPROACH 4905 1201 181.6 996 101.1 103.5 97.8 1002 +2.4 3
fC A PPROACH 4W85 841 185.0 106.b 10/lt 109.0 1U2.5 104.0 f1.5 3S :6 A LEVEL 5112 2543 104.8 128 83.0 83.9 83.5 84.4 40.9 2
r LEVEL 5036 2600 1529 a,.8 87.3 897 9862 88.7 *2.5A LEVEL 4710 2519 154 b 84.6 R4.4 86.3 83.4 84.3 +09 2

F- 8 LEVEL 4141 2620 156.2 " 0 85.1 R1 87 4 7 96.2 *1.5 2
c LEVFL 4821 25(04 156.9 8.s 85.3 86.2 B&5 I w +09 2

33 v L.EVEL 6093 4938 1405 I/38 1.H 15.4 A44 77.0 *..6 4
C L•VtI !1091 5256 1(' 1 95 136 58 16,6 +0-8 4

34 j r LEVEL 6033 5214 1G.9 342 72.6 7J4 A .9 76.7 0.8 4
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APPENDIX H

COMPUTER PROGRAM, D3AA, FOR DETERMINING
FLYOVER NOISE LEVELS

This program was developed in compliance with FAA Cnntract No.

DOT-FA73WA-3161.

The purpose of this program is to calculate EPNL and A-weighted sound
level values for a specific aircraft at a desired power setting and altittide..

The FAA noise definition digital computes" program is written in Fortran IV

language for use on a IBM 360/370 computer system

The program has a built-in data bank to define EPNL and A-weighted sound

level curves for six aircraft, namely DC-8-61, DC-8-63, DC-9-30 with

JT8D-7 engines. DC-9-30 with JT8D-9 engines, DC-10-IC, and DC-10-40.

No library routines are required for program operation because of a built-in

linear interpolation routine.

The inputs requir 'd to calculate EPNL and A-weighted sound levels are:

model (see program listing for code numbers), power setting, FN/I for

DC-8 and DC-9, or NI/0v7T7 for DC-10; and altitude in feet. Any number

of cases can be input and calculated without a sentinel in the data cards to.

terminate program execution.

The program will check each data input to verify that the desired power

setting and altitude are within the range of the defined curves for the

applicable model. If either of the values is outside of the range, a

message to that effect will be printed along with the model, engine, and

input power setting and altitude.

Output is on a 11 x 17 page but can be modified to any format desired.

A sampie of the output format is show' on Table H-I of this appendix.

Note that EPNL values are representative of fixed aircralt velocities.

Determination of the EFNL for other velocities can be .nade by the foi nrul%

10 log V/VREF.

A fiow chart, Figure H- ), input format loading she•t and program listing

are attached to this appendix.

The- only change to the computer listing, over that provided undcýr Phase I,

was the cuive slope vz'ues for the DC-8-61.
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:START

WRITE
HEADING "CALCULATE (10l

&
SOUND LEVEL-A

VALUES

" READ VALUESA

C ýST DP NoDATA CARD 7
SREAD DATA C:Ago. YES

MODEL, POWER / I

SETTING, DISTANCEi

IW R31h MDkLL.

POWER SlTTNi, /
0' "TANC[ /

-- - I j'1

CURVES FeR ES'RED I

AiR

SETTING & 0SA ERROR
R GE '0 MESSAGE

Fi(i'JRE H.) FL¼W'A"4Ar-'r FlAA k.-iMPJUTLR PROGF.AM 03AA



4 ~ ~ -J%-p

J 40

z Q

*. I L' U0 . ' .? L 4.
4 . S 0 0 z 0 . 0

I- 4c 4t POO~p. ~

-4 - 4 A . ~ .

* 4 i ~ A A j A

4-4~ L Z 2 o 0

,404

.g4 4.4 A 0 C

D Q Ao 4 A) A A

a ~ ~ - J
0 6 0 40 *

~.3 4 4 ~a~ 4 4159



TABLE H14
DMAA COMPUTER PROCOAM LISTING

C A'N '1ME 0' uLM4000040

c O0lI000.3360

*c tib-; clnr *w4I&iCI rrif THF 6 AIPC6ArT PI(L'.JnDF) jfi T~itS PROLIRAm AP, ))0001070
c L I iT'f 14~ 1013VIoC

f M-juiL ENrI?IF cfOPE All u)'30)
C ICRtI jT-n 1 1 040003 1003
C I)c -0-41 jT3f-7 ? 3O.)fl~l 10

f (-q- 11) j T k0- 3 000001.?0

C IC-9-10 j~t- W'9 L)0 130
C OC- t - 10 CFh-f1fl OCOLO 40

li C- 13-40 1 T 0! -,oo0 ciao(0)O I sfl

C N"'JT r&'& IS TO) INLIJ0L,AI&krIfT 20,PIOA THUSY,%tif ALTI'u')E 10003n170

C) WPITI; 4691 )') iUOO0? 10

Wk~f' f~slo) JU00230

I1L0 FOR140T 1 00 , S If, Pthf~ A!kCkAFT aipc.p~rT EPNL, 0a000243
I51AS~J)"I 000Q0250

f4QIY 1- 4h,11?01 04)00J26i0

I.V'-L 11r I TY rp,"Ih LCV;L-A' I 00Or)ZiO
~~ 00)00290

;00 KAKL1 003000300
IF 13030'.?0 L ~ OJo 10

30 I-P 4AT 412. jvr ? L~,2AF?.1* 101 U- 13 3
I;() T 4013'.~tilS,W~t 010 il)') 140

I ~'IP 4,2 -I TiP h1L' ) 4101)0 11)0

,J,1 TO~ SO() 0 )0003#40
j) 40IT (Cr .232)2 Tf-H1JSTLT uJ 3039.

1 1(I-,''.') )0'(Y)OO 0
"0 " nOiJi ),) !II. 0

203 <mr 1' 1.4.:)I %1 U5 ,A 107c - x 1 1. Lt ',3 .

L~ 1 *~cr#) *1.,) ý

S.4,. ( T 4e,t'05j Till.,JST,.PI T 10(100 J 10
V. P'' 1~44.T 1 11042 IV f "K-10- L) ::t-'i ,400 .1. )f 01~,14 X F 7. 1 ~) j01 S. )
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TAUBL H4
DMAA COMMUE PROGRDM LTNS 0ONWUNUU

6 WRIr': 46*2)Ed T040jSTALT 0')000%iss

jYL,*rr,.i )00*0 ?Q)
~IWOc CINVf'14lk, )Iojsqo

-Wf Tltil 41. tio3e14sl%. Ibis l'InflL U00 )0hokd
11 '. ALL B?31I)II A Nt T.Tif*Qs?,EP%sL sr)hAs,)WE~RtsCURVE11X .,1 )1

*rvl 143. 1 '-0010. '2f)
APPVELu ViSo W061
IF At#i TIJ)ST. ,jT.6 )01). 1 G: 71 TO 10 1~0000640
%fTRtI' a APPVEL )0000#b5)

6~0VTIPI,; TOVEL 0,110004)
Sol IFrJTG.,)).N.~PJ'L.00IGo TV) 602 0)100bo0

(941 Ti) .401 44 10469D
SLJZ CYR.,: 155. + lETtirt-6'~/ 40h~.hE~'.1%l.)000700

Iqj~ T ) j,~j 01jO00011

1,e (ILL JT3fl' (ALT#T#4skusr,,kp~t. *aaspo,,#EP.v4cjItIv51 (OO)0740
rVOVSLm 19 .10000750

I FMIATI'ST.Cr.6.G')).1 ',. T(! 405 )000 )0771'
Vt111Jt a &IPVFL 3000jI7do
G11 TO) 4-M 030007)011

IM VTi'iJ'w T IVEL )Ol)')00(%0
It J6 1 r T 1 W wSY9 .L10hU j. .ANI). I HPiST.L.T.#4HOW)). I GO) To Ral? 0aa0010

t4(l 11 '40f )0040620
Sol CT"i'E a t,55. 4010JT-(.~II0.(O.1*I.'). ~ )043U

13 (ALL JTAV3 IALrTi*.tJITSr#PNLop'%AtPLdER.NCtiPVEI OO004108M
rT'vV'Le 173. 000000880
APPVrLu 140. O3000810

vr'pa AppveL )3)o~qlo
rj T qI LI OUI?

g 1.) VTw~tj!c TOVEL 10093
'31L [FIT 4;,JT.GTSt,uC)..AN.)J.'.PJIS'.LT.q:0O0.) (0! Tfl I12 IOOOJ940

st? C"IjUE a 4o4 (IP-00/l33J0'.I*&140.) )0OJ~?106)
I orvat 340,000411711

tj13 C mIJ.IT11 )0000490.8

14 CALL JT#30I AL (4!TlfklSrs NA. #0F'A9P(JWER*.%URVF1001tI~(

*AI-PV9'Le 140. J0001.020)
I' ~t$.t.,flIG)I 'r~l 415 0 300030

VTktliý a APPVEL .100,11041
SOf yri 4414 i)'))Lfl%0

u15 VT9UC~ TIvI~ 30ljb.
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TABI 04
DMa COWPUTSM PROM UMTUO I0NTsWUD

oil CTVV~ WeIfl * tIM~-.Q./N).A~~I lot b.-14001 100o1o09
tIrlCX& 10001 100

611 CU)%?I'40# )M301110
so IM I'll 00001 WAO

It CALL. C0660 tI LTINIUSTof Pt.L vVPlA.RPIWE'~.tCdt~iVkl )00011iU0
?OV&Lm IPO. 00001 1410
AP9VCLG ISO- 00001110

60 T 420)0001 140

CAI TV. 412 33001160
sao vvTuýý tt'vEL 10601190
Sit li~t I ?14QjSY.IiTe2& .*AND, THOUSTelV.'r300.,I GOGOOGIZ000OC

n0 ?1) 4?1 J0001210
$22 CYRUE a £50. 11 tT1NUST-264)0I I.%I3E0.b-*4o0. 144 140.10. -ISO) lflA22

I~u?*M.1 0001230

sai ~r 504T1 100 301240
14 CAL sl'ot ) 0001240

TyIVete P43. 00001*70
£PPV!La 160. 00O0£012
1PjTf#QUSTsGTe24.. l0.1 R T4) '430 .40001290
VTmOjr a APOVEL MU0M~0
GO Tn 833 00001)10

6JO VTRU~w TOVEL 00001320
Ili3 IF(Ye4.UST.GT*ZfiUo..&#40THP ISr.Lr.30i).l6, M 8o 32 30001330

4.0 ,U 033 10001 340
8 32 Cyfit- * Me30 + ffHP'JSr-24O0.h,'.s000.-26o0.)l.(,200.-140.l 00001350

I fut.1 X 3001 160
633 CONTItNU 1000)13?c
$01 IF (ALT .;T9 1000)..Oi4e ALT *I Y.2001 GOI 73 0') 00001300

Ic ITMWtKT r.T~.PtI4rR(NCjPVE1.(1K. Tt46tUT .LT, PJWSM11))r.0 TO nb 1 6 001)90L

w 0 )0031110
j 0 0 00001420

510. I .+1 J0001430
ju a 01 100OL440
IF ITROUST GS~. PCoeER1I .AN1. 'TIPUST 6LIF. PGWiFQ(jIIG0 TO S20 00001450
GO TO SLO )0001*460

$20 VI3 w1*3 bo00OL70
LC? *LCI-1 30001*80
MC uLCZ-1 )0001*90
14C3 wJ63 10001500
4'CZ V 1~.-1 '30001610
"qCI w*MC I- 10001520
iTFTP'it a FPLILCI)- tIPNLWLZI. AL(lGLO(.%ILT/"0I-EfPNLILC3)*I(ALT-2b0)0001t$3O

Li/1044.1 O000". S4.0
H!EPM4L v FPNL(mCII- FPt41 frq()* AL0GG1(AL T12903`I~L (1C10 *(1ALT-250000013P50
01110001 )0001 st0

oELT&' (Ht1FPt4L-RFPtJL1 /t(~raj)-I(j)3 J0001570
AE'IL-4 mITNUUSt - P0WPI-:jL Ii1flLTA4RvrPNL) )O00I RO

tj *. fa AR(LCI,-U4&(LC2IeALnG&JtALT#2i1I-IflVA(LC3)1*(ALT-.ýU)/1000J0001¶,90

Iril5qA a WAUMC( I I-)bA 4 CZ) *.%LhJb1L1WALT 1?3) -VfA114C 3 M( &6LT-Zj01/1300030001610)
II )40016,10
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YAWL H4
03MA COMUTUR PROORA LOTW@ IMONTNUD)

UfIIA * t41IPA-.Vrj01AI/IPOWPP4JI-PI)4df1 1)) 400016~10

10*gP 140 LT0..f.SALA.@ 40 TI) 150 40001*Io

340 IFI14IXO0G.T.0bGo To 900 )001a?
GO T3 "00 00001640

900 REPP4L * MePNL *I)0.*ALOGIOICTRUF ITOVEL1R looo1qoo
Go tin 300 10001 700

ISO WOMT 16,1501 00001710o
160 MCM&T £114..0E.''ATA NOT AVAILABLE' 0000172()

Go TO 20 13000 730
300 WPITS (6v3?OITrPU[#AFPtIL9POOA 00001740
370 FORRAlIILM.T7X139,* KNoTS**4xq~s.1.IxP5,&1 00001?50

GO TI 20 ooo@1v~o
99" STNP 40001170

END 00001700
SUtRC!JTINE JT 13D3SALT 9TNPUST 9EPNL **GA*P0WlRN4CtJVFI o00017q0
DINE4S10 1PM 4241,00 12410POWE lot 30@@00too
0O"FPStoN .P12IDA2b.ORS 0001010

C DC-S-61 00001020
DATA 3'10.%142.5'4,.055@1551472.544,00001&2t

&1.~&04. IS.90235.3&477431.40349.&*@4004353@.91015,00001322
*.577?3,1Z.M39MI.Z~dA4,.702a3.1~lgS~edg~15411, 00001023

C.?911040,IZZ.440040?,21.5714#405,.?2?4#16441Z3.@0#04548.Z@.g42so. 00001024#
D.47054451 00001625
DATA 061".129? 00219694.203014.139ZR. 020z ooa

A~I)lS154 &0.42593.3314914,.34641,19.1?434.3.499*4, 0000162?
S.2S00433,11L.64,034,32.19105S6..41?0340,113.IITMIO,3@.1030U81, 200018,18

0.535 7901 ~)0001029
ooe&la?440# 000010130
MOUNy!. F S 00001930
DATA POWE /20)00..4000.,5"000.,000.,SooG.,10000..12000.,&SOO.I 0000194D
i-s0 00001950
KsNCU'kVF 03 44001460
on L tolo.' 00001970
apNLI1 * EPNIII 00001900

t DOW() n filh) 30001990
D02 to1.NtUSV! 10002000

i PAWERIII a Pawr(I) 3000201,0
IkET~oMN 00002020
END J0002030
SUSODUTIPI! JT3D? IALT,,THIOST.EPNLDSAPflWERNCUftVEI IGOOZO40

c OC-4-63 000010o%
DIMNESION ('N (24),C8 (MIhPflWE to) 00o02060
DIME4SION EPNL(24lvDBA(24)vP0Wf'~t0) 00002070
DATA 2P4 iL621i8o7oS6l~o66S6L76O~~le3S0007s

N. 1.354560 4300020;0(

1.I10.'3S5353.Z0.36260429."9'0B7,I20.&70642,*919L.3kd8S6,.&50031, MUM~k0
2 &2*3.10 14a69 21,01. 59L28o. S.320374/ # 2*4"4 2.I 4*o076 000.21 10

DATA 0S fO?.7.'77:!49923.5651019o-3*81701S*104o?$924?-'4234,221O5. J0002130
13.'1474734. 109. ,9U101.22.'7¶i247.3.1209339.L10.S443L54.492649*374,0flQO02.q

3.S610379, tI4.0616697922.II'RS92$,.135041?/ 3o~ 00#* 6
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TAIBL9 WE
OvSM GOMM PROMM LGIUS OMONWOUSO

lt'raw~ *#lt 14) peoooo001stol) MO lule a 600 002

K0'4CJOvF 03 5,02n
FI fa mIsk 100,22?A0

f1*4L.II * V'te() OOOOZUO41
1 NatII 1 %',Oill 3000z220

,a of 0WOI I Ima POW I 11 10011225

FF~i )000fl70

c OC-9-3¶2 JTIfY )0002 290
W-4314EeIV EPN4 (ie4lOI% 12*)OPuwE .44) 1002.101
riimhsin4?fN DPL 2~ .BA 2s,3.1t,

J)ATA nP4 30026

~~J0002Z370
3. 'qlb)9/ )000?390

4CWRVE a 6 )3002410

PKeCUKV'F 03 00002e430
00 L I-IvK ')3o )?440

FV*1.1 EPN~f )00024S0
t I)RW4) a OR(JI )00024613

2 *flW5PIJ) 0 * wgt OQOO?tSO

$UkPU-J'JNP JT*1ln iALT,TH.4eI¶T,[PNL v~.v~4RN1Rf )0002510
C )C-7-10 JTI)-') GOOO2$*i3

jII4C~N;10 ýPP41II AI4),O 21POWF (MP) OOOOZS30

()AT& ', PiOO2;

NcUv: JOao? 540

OAA OE 214.00j *)U.tiO,*80V. uL3 91503. )O3t0i6s

Onf A Isl.K OOOOZ670
I~r'NLIII FPt41l ao1a

I O( ~I1 ) DRIl 1 3003?690
1112 !ak,NrLIIVr 7')002700
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TAKISZ
D2" COMMAN PROPAA USSMS WM0AUMD1

I 'w P)FUI pliIvf (t I 1002? 1
tilrTURO.)@ 0 7?4I0

tfil 41013
S I 'sl'1) 1.yj fl:C A,(o %t* ?T411 I% EPt4d MopP~ENUI bO) 4)

~~3300800R~
nATA 0% 4~.46aZ.~t144lJ1a@4jq,~1)4 JOWt?N&li

12*2302a4fl.101. itl6UP9 Z,.970600,020 2,&3.~q49.4,S-,. '43t, )O000a20.ý
k 6?2tt% ,60S9 4V21 e90PS03 )000?430

UAYA POUP10 /Z.)e 410.,e 9).,3 30'0o v34211* )0o0284

lot )' 00024f60
waa4CUAVE 04 110002670
DU t IatlK 30002 a i)
lEPNLIt) apl 110002"n

L ORA I I I 411 0000?900

2 0AuwfIVI u )OOll1004oZi

t Ne 0002940
4;J14 kNI~TIf,)! j"qA2%) 4ALT 9'HRIJST9 FPflL ,UA eP'3WSR*WC4PVEl 3000?vsoi

C *)C-LlJ-40 jT9lO-;P0 )0002960
UmEijnC42N rP'4 (i4ituol 424),4pnwr (ig -10002970

)ATA 9iPN

300030i0

~ J0001030
Z.4?3%?1,03,Q~C ~)0001040O

jATa *flwF /'b...,Z4t0.2tt)').,3c30.,34t3.I 30003uso
*4CURVE J ) 00310tk)

too) JJ003 37;
9.vafUQJVF 03 ))U3~-

.F TIJIK4 00003140
EC)li'
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